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Abstract 
 There are a number of different ways for the decline of Apis melifera or the honey bee. It 
could be a lack of flowers (food), pesticides, viruses and even parasites. There is an 
accumulation of things, but this study focuses on the synergism between the fungicide 
propiconazole and the insecticide chlorpyrifos. These two pesticides are used to dose around 
2,100 honeybees with an LD50 test for chlorpyrifos and a relative dose test for propiconazole. 
The two pesticides are then mixed into a 1:1 mixture ratio of chlorpyrifos and propiconazole and 
diluted with acetone. The bees are dosed and looked after for 96 hours. Every 24 hours the dead 
bees are counted and recorded. In conclusion we found that the LD50 for chlorpyrifos may be 
higher than previous literature had described and when mixed together, the data suggests that 
propiconazole and chlorpyrifos do indeed create a synergistic effect on Apis melifera. 
Introduction 
 
 “Apiculture has been in decline in both Europe and the USA over recent decades, as is 
shown by the decreasing numbers of managed honey bee (Apis mellifera L.) colonies” (Ellis et 
al., 2010; Potts et al., 2010). Why are colonies dying? Is it a lack of flowers, pesticides, viruses, 
or maybe even parasites? Colony losses could be due to a number of things and in this study we 
look at the possible interaction of two pesticides; chlorpyrifos an insecticide and propiconazole a 
fungicide. “One crop, almonds, depends entirely on the honey bee for pollination at bloom time” 
(ABF 2015). According to the Almond Board of California, “about 1.7 million colonies of honey 
bees are placed in California almond orchards” (Almond Board of California 2016). Both 
chlorpyrifos and propiconazole can be found on almonds. “Somewhere around 35.7% of 
almonds have chlorpyrifos residue on them” (PAN 2016). “Propiconazole is used on grasses 
grown for seed, mushrooms, corn, wild rice, and almonds” (EXTOXNET 1997).  
 The fungicide propiconazole is used for this study because it has the ability to create a 
synergistic affect when mixed with other insecticides. “The fungicide propiconazole was found 
to have the strongest synergistic effect, decreasing the LD50 of lambda-cyhalothrin from 68.0 ng 
bee−1 to 4.2 ng, thus having a synergistic ratio of 16.2” (Pilling E. D. and Jepson P. C. 1993). 
What is synergism? Synergism is when two or more substances produce a combined effect 
greater than the sum of their separate parts. This means that when two pesticides are combined 
they significantly become more toxic to the honey bee. With pesticides such as propiconazole 
and chlorpyrifos an LD50 test was conducted to see if there was a synergistic affect on the 
honeybee. LD50 is the lethal dose that will kill 50% of the population. “The LD50 of 
chlorpyrifos to a honey bee is 0.11μg/bee” (WHO), while “propiconazole is 50μg/bee” (Sanchez-
Bayo 2014). “Chlorpyrifos has an LD50 of 0.072μg/bee” (Sanchez-Bayo 2014). This is contact 
LD50. For this study we use the LD50 from the World Health Organization. There are thousands 
of pesticides and it is difficult to study effects of every possible interaction between pesticides so 
the purpose of the study is just to see the interaction between these two pesticides. 
 Why is this important? Pesticide interactions are just one thing that might have a 
significant effect on a honey bee population and it is important to look at every detail to assess 
why bee populations are declining. “Honey bees contribute over $14 billion to the value of the 
U.S. crop production” (ABF 2015). Without honey bees and pollinators in general, where would 
we get our fruits and vegetables? The objective of this study is to assess the LD50 of 
chlorpyrifos from previously know literature. Is the LD50 in fact higher or lower? Also, Does the 
fungicide propiconazole interact with the insecticide chlorpyrifos to have a synergistic effect on 
the honey bee (Apis melifera). 
Materials and Methods 
  
 
  
 
 
 
 
 
 
  
 
 
 Testing was conducted using “Ecolological Affects Test Guidelines 2012” by the EPA 
(Table 1). Two honey bee colonies were used for this study from the University of Nebraska-
Lincolns honey bee apiary. New and emerging brood was taken from the colonies and placed in 
an incubator to be dosed the next day. New brood was used because it is easier to pick them up 
by hand and dose them. LD50 doses were assessed using the following equation. “LD50 
(0.11µg/bee) X (1 bee/0.128 g*)=0.86 ppm or 860 ppb (this is the concentration in the bee that 
has a 50% chance of killing that bee)” (Johansen and Mayer 1990). To dilute the doses the 
following equations were used for chlorpyrifos and propiconazole. 350.59 g/mol X 0.01 mol X 
0.05 L = 17.53 mg of stock solution chlorpyrifos which is 3,506,000 ppb. 342.22 g/mol X 0.005 
mol/L X 0.005L = 17.11 mg of stock solution propiconazole which is 3,422,000 ppb. The doses 
are showed in (Tables 2 and 3). The stock solution was diluted with acetone to come up with the 
following doses. The LD50 for propiconazole was not tested due to the study only testing 
synergism with propiconazole and not the LD50. 
  
(Table 1): These are the standard EPA test guidelines for an acute 
toxicity study. (EPA 2012). 
  
 
 
 
 
 
 
 
 
 
 
 
 
 The doses were given to honey bees using a pipette with a 1μ/L dose injected on the 
ventral and dorsal side of the thorax. 3 tests were carried out for each dose with 25 bees being 
tested per dose. A total of 75 bees were tested for each dose. A total of 2,100 bees were dosed by 
hand. After dosing bees were put into handmade traps made out of plastic cups (Image 1) with a 
1:1 mix of sugar water for feeding, then they were put in the incubator.  The incubator was set at 
30°C with a tray of water put at the bottom of the incubator to keep the relative humidity in 
range of testing guidelinesThe number of dead bees were counted every 24 hours and up to 96 
hours. For the synergistic tests a 1:1 mixture of chlorpyrifos and propiconazole was diluted in 
acetone. These doses (Figure 4) were also applied three times to 25 bees. Acetone and distilled 
water were used as controls for the study and were also applied during each test as the chemical 
doses were. 
 
 
 
 
(Table 2): Test doses for 
chlorpyrifos. 
(Table 3): Test doses for 
propiconazole. 
  
 
 
 
 
 
 
 
 
 
 
 
Results 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(Image 1): Bee traps  
(Figure 4): 1:1 mixture of 
doses used for synergistic 
testing. 
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(Figure 1): This graph shows the average bee loss in 96 hours of 
chlorpyrifos LD50 testing. 
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(Figure 2): This graph shows the average bee loss in 96 hours of 
propiconazole testing. 
(Figure 3): This graph shows the average bee loss of a 
1:1 mixture of chlorpyrifos doses to 400 ppb 
propiconazole. 
  
 
 
 
 
 
 
 
 
 
 
 
 
Discussion 
 From the trends in the data (Figure 1) we are able to suggest that chlorpyrifos may not be 
as toxic as the World Health Organization or Sanchez-Bayo may have suggested. The averages 
for the three tests conducted at the specified doses (Table 2) did not kill 50% of the bees except 
for the higher doses of 10,000 and 100,000 ppb. The propiconazole tests (Figure 2) showed that 
at lower doses the fungicide has the ability to kill more bees. This is unknown why this test may 
have happened. From the 1:1 mixture tests (Figures 3 and 4) we can suggest that there was a 
synergistic effect taking place as more bees were killed then the other tests (Figures 1 and 2). 
Conclusion 
 From the findings we are able to suggest that the LD50 for chlorpyrifos may be higher 
than previous literature suggests. To actually find this out more testing should be conducted on 
the insecticide. From the tests we can also suggest that when mixed together, propiconazole and 
chlorpyrifos have the ability to synergize. For future research one could suggest to look into the 
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(Figure 4): this graph shows the average bee loss of 
a 1:1 mixture of chlorpyrifos doses to 10,000 ppb 
propiconazole. 
interaction of EBI fungicides and organophosphate insecticides. The testing of these chemicals 
could differ because not every bee colony is the same. The history or origin of the colony is not 
always the same. Some colonies don’t have pests such as hive beetle or varroa. Pathogens and 
even pesticide exposure could all be different variables. The testing that took place was from mid 
July to mid October. After conducting this research I would suggest that the testing takes place 
over the summer months when the bee are actively foraging. Due to scheduling purposes the 
bees could not be continuously tested for this study and the testing was spaced out.  
 A reason that we may see a trend in the synergistic tests is because the bees may have been 
weaker in the fall when those tests were conducted. This may also be the reason why the 
chlorpyrifos LD50 test suggested it had a higher LD50. This is because the bees may have been 
stronger in the summer due to higher counts in flowers and more food availability. There are 
many variables and we can not conclude anything because of them we can only suggest what the 
data shows.  
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